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FIELD OF THE INVENTION 

[0001] The present Invention concerns a pharmaceu- 
tical composition for the treatment of conditions associ- 
ated with fibrous deposition. 

BACKGROUND OF THE INVENTION 

£0002] Deposition of collagen, laminln, fibrinogen and 
other connective molecules is a part of the normal proc- 
ess of inflammation and healing. However, the synthesis 
of collagen [s involved also in a numbei of pamoioqioai 
conditions all characterized by the formal m of tlbrous 
tissue caused by the deposition of cicnormaiiy large 
a npunts or co!la<i£r> These conditions i-.uiice cfcor- 
\ p rn ^ rr-^c.rurvfib staler 
as: systemic sclerosis, graft-versus-host disease, myei.o 
fibrosis, f ulm6nar> and hep'a'ffifc fibrosis, (cirrhosis), 
post operational adhesions and a iarr^. Variety or au- 
toimmune disonct^'h. h are dist r .r;„ch=d by exces- 
sive production of connective tissue which result In trie' 
disruption of normHl tissuo's architecture and funclioit.-- 
In several diseases such as SLE and Sjogren's '-syn- 
drome the problem does not reside In the disease proc- 
ess itself ,. but Ih the myelofibrotic process which leads 
to fibrosis, 

[0003 j Abnormal deposition of collagen also charac- 
terizes such pathological conditions as formation of kel- 
oids, which are benign flbronlc tumors of the skin; for- 
mation of sear-tissue which may be a result of surgical 
intervention or due to hypertrophic processes; and for- 
mation of adhesions between organs of the abdominal 
or pelvic cavity which is a frequent and undasired com- 
plication of abdominal pelvic surgery. 
[0004] Treatment of < ondittariS jsha-apierizesl by ex- 
=ess fi'bro i d. Coition rWe been sftf mpted by ine ad 
ministration of cytotoxic an gs in or;!-;- Ic levap~<i pr& 
literate fOfcoilacjen produ. in ■■■' , ;. '' adn i 
■ -tfen-of:irih"lbitors..o : f collagen syntlie J" such asrh'ifed-- 
idine a "id f fiery ton, by ncmir is* dt3»3t nn.MtJ'' u 



preparation made from pooled human plasma collected 
from thousands of healthy blood donors. The' spectrum 
of antibody specificity expressed is extremely large, and 
IVIG recognizes a large number of bacterial, viral and 

s other Infectious agents. In addition, these characteris- 
tics facilitated the use of IViG for the combat of various 
infectious agents in immune deficient individuals. The 
anti-idibtyplc activity of IVlG, is utilized for the. treatment 
of various autoimmune diseases,- typically as an agent; 

10 in diseases manifested fay pathogenlc'idfotyplc autoim- 
munity, 

[0008] 1V1G is currently, being Used as sn immu- 

. - nomodulatory agent in auto Immune- diseases .In allogo- 
ti«n bo e marrow ir nspiatifaliort iViS-has-aw li es 

1 1 blisi-rcicff^ r, iji.oatjm liircmlr eyto^'eriiG crturi 
,tTr-> Kawasaki disease and GuJIIain-Bafre synd.-g-o 
Cjf>llDi trials tms also f-ficvn elihica! eff[c|e^ of iVIG 
in .mmune neut nvasih.nk, r vs multifocal 

motor ncu np th> rr t , n i- Inflammatory aerry Hi atitlg 

20 polyneuropathy, felap's'fri emitting Multiple' sclerosis 
myastesja :;r*m and refractory aermatjrny^iG-,1* 
(6 Ic" so 31 Ann / i m<S f 1 12S:/21 -730) ft 1G 
has also been used to treat 50 60 I ricoprrwd unj 
ttons with beneficial effects r most ot them Including 

25 women with recurrent abortions of unknown causes 
(Carp ef al., Am. J. Reprod. Immunol., 1996, 35: 
360-362), heparin induced thrombocytopenia (Winder 
etal., J. Clin. ImmunoL, 1998, 18:330-334), systemic 
vasculitis (Levy etal., tnt Arch. Allergy Immunol., 1999, 

30 119:231-238) and systemic sclerosis (Levy etal., Clin. 
Rhematol., 2000, 19:200). In addition, a few animal 
models have shown the beneficial effect of IVIG in both 
. prevention and treatment of experimental anti-phos- 
phoiipid syndrome (APS) and systemis fupes erythre- 

35 -.matosys (SLE) (Krause etal., J. RhematoL 1-995, .22: 
1068-1074), which was also confirmed in humans (lu- 
pus) (l.avy ctr-tL, Lupus S: 705-7.12,1999). 

SUMMARY OF THE^NV^TION 



[u o,i' The nvent isb or, the suipr'.i 



S'^ \ I ' " r - 3 1 nj dJlens^tVai Utah e.-c i zed-.byexcess po 

©=pen.eilTaitime - = - _ U ,„ , r wm . ~ , „ ? , „ ; ^-^..^ 

' s'CWib.m [el ibrosls, SjSgren's syndr sn- idiopathic 
mviefm psls i >J r * C c 'tr is rJeroderma. and 
autoimmune pj.nonp ylibrosis) 
[0010] Thus the present invention concerns use of in- 
travenous immunoglobulin fiVIG) forths preparation of 



[O'OOS] Today,"" the most common'- methodology Jor 
treatment oi ricous dep^iifion ^ d-j!:ii'ii:;ir,v.lo:i -y -or. 
ticosterords. However, said admirilslfalidfi may be In- 
complete j-ier Ivd.njtj elapse- that m sssitate 
junct immunosuppressive therapy./ 
[0006] Other currently used methodologies of treat- 
ment include: administration of colchicine which slows 
secretion of collagen into the extraceliularmatrix (ECM), 
administration of interferon^ (IFN^y), an inhibitor of pro- 
tein synthesis, Recently halofuginone was also found to 
be effective as an antl-fibrotic therapy (Pines, M. and 
Nagler, A., Gen. Pharmac, 30:445-550, 1998). 
[0007] Human normal immunoglobulin for Intrave- 
nous administration (IViG) Is a highly purified IgG type 



a medicament for the treatment of fibrous deposition 
conditions (FDC). 

[0011] The term fibrous deposition condition" refers 
to any physiological or pathological condition which can 
be cured, ameliorated or prevented by decreasing the 
amount of fibrous material deposited in tissues. 
[0012] The term "tlbrous" (also termed attlmes as "fi- 
brous material") refers to connective tissue having fibril- 
lar element, typically deposition dominated by collagen- 



2 



NSCOCID: <EP 1 15361 1 A2J_> 



3 



EP1 153 611 A2 



4 



rich extracellular matrix. This term may refer to prolifer- 
ation of cells of the connective tissue as well as to in- 
creased deposition of extra-cellular matrix. 
[0013] The tissues in which said fibrous deposition Is 
manifested can beforexample: kidney, heart, lung.liver, s 
skin, uterus, eye, bone marrow and In fact virtually any 
tissue which contains connective tissue. 
£0014] The fibrous deposition conditions (FDC) may 
be due to conditions wherein the fibrous deposition is 
the cause of a pathologic condition, disease or disorder, to 
or in cases (secondary fibrosis) where the fibrous dep- 
osition Is the result of said patholog Ic condition , disease 
or disorder. 

[0015] The FDC may be due to genetic causes, due 
to various non-genetic processes such as infection by « 
microorganisms, toxic substances, irradiation, tumors, 
inflammation, autoimmune reaction ordueto trauma, for 
example, by surgery, burns, injury and the like. 
[001S] Examples of conditions which are caused or 
are a result of abnormally high fibrous depositions are: so 
cirrhosis, Idiopathic myofibrosis associated with sys- 
temic lupus erythematosis, Sjogren's syndrome, sclero- 
derma (systemic sclerosis); pulmonary fibrosis, graft vs. 
host disease, keloid formation, post surgical adhesions, 
hypertrophic scars, and many others, ss 
[0017] The term "treatment" in the context of the in- 
vention refers to: curing the condition, amelioration of 
the condition, as well as prevention of the fibrous dep- 
osition before rt has occurred. 

[0018] Amelioration or cure of the condition may be so 
determined by several methods as follows: 

(i) by mcasunng decrease in the amount of fibrous 
deposition as can be carried out for example by 
measurement of prolyl-hyroxylase activity, attenua- ss 
tlon of incorporation of radiolabeled proline Into col- 
lagenase-digested proteins and by determination of 
the level of collagen a1 gene expression (especially 
the lungs); 

(il) where the determination Is of a restenosis-relat- 40 
ed fibrosis. Ihe determination may be carried out by 
measuring reduclion of initial thickening measured 
by morphometric analysis of the neointima/media 
ratio; 

(lii) by measuring decrease in the size and consist- 45 
ency of scar tissue, for example, as can be achieved 
by various imaging procedures, by biopsy and his- 
tochemical stains; 

(iv) by measuring functional capacities of organs 
such as liver, kidney, bone marrow, so 

[0019] Where a disease or surgical procedure is 
known to form scar tissue or cause formation of adhe- 
sions, it is possible to administer tothe patient the phar- 
maceutical composition of the invention at the outset of ss 
the disease or b ef ore the surgical p rocedure takes place 
In orderto avoid future excess fibrous deposition and to 
avoid scar or adhesion formation. 



[0020] Th e term "intravenous immunoglobulin " (IVIG) 
refers, in the context of the present invention, to a highly 
purified Ig G preparation made from p oo led huma n plas- 
ma collected from thousands of healthy blood donors. 
[0021] Although the Immunoglobulins are referred as 
"intravenous immunoglobulins", this terminology is used 
merely for convenience sake since this Is a term well 
known In the art, and by no means is meant to indicate 
that the composition of the invention can be adminis- 
tered only by intravenous administration. The pharma- 
ceutical compositions of the invention may be adminis- 
tered by intravenous administration, by Intraperitoneal 
administration, by direct Injection of the IVIG Into le- 
sions, scars or connective tissue as well as by subcuta- 
neous and intramuscular administration. 
[0022] In accordance with another aspectthe present 
invention concerns a composition of matter comprising 
IVIG and additional medicinal substances used in such 
procedures which are known to produce scar tissue as 
a result of excessive deposition of fibrous tissue. For 
example, the composition of matter In accordance with 
this aspect of the invention may be IVIG together with 
medicinal glue which is routinely used In surgical proce- 
dures. Said composition of matter an the one hand fea- 
tures the gluing properties of the medical glue and on 
the other hand the anti-fibrous deposition properties of 
IVIG so as to prevent adhesion and scarformatlon which 
are many times post-surgery complications. 
[0023] By yet another aspect the present invention 
concerns an implant comprising IVIG in a form capable 
of diffusion from the Implant to the surrounding tissue. 
Many medical procedures Include the insertion of a me- 
dicinal implant within the body of an Individual. Exam- 
ples of such medicinal implants are: intrauterine devices 
used as contraceptives; stents used to support blood 
vessels; screws used in orthopedic devices; insulin 
pumps; pacemakers implanted In the heart and the like. 
[0024] Many times an excess deposition of fibrous 
material Is formed around the implanted medicinal de- 
vice which may hinder the intended activity of the de- 
vice, and/or disrupt the normal activity of the surround- 
ing tissue. In such a case, It would have been desirable 
to prevent said excess fibrous deposition, minimize scar 
and adhesion formation by ensuring that the Implant 
comprises also IVIG In a form which can diffuse to the 
surrounding tissue thus preventing said scar and adhe- 
sion formation. This may be achieved, for example by 
dipping the Implant, prior to Insertion in the body in a 
liquid preparation comprising the IVIG of the invention. 
Alternatively, this can be achieved by coating the me- 
dicinal implant with a biocompatible viscous substance 
containing IVIG and capable of its sustained release. Al- 
ternatively, the implant may contain a reservoir which 
holds the IVIG, which Is separated from the surrounding 
tissue by a membrane through which the IVIG may slow- 
ly penetrate the body. 

[0025] Typically, the therapeutic dosage of IVIG is 1 
to 3 grams/kg of body weight, most preferably 2 grams/ 
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kg of body weight- (the gram referring to the amount of ' 
protein In the IViG preparation) given as an IV infusion 
for 5 days every month. 

[0026] The therapeutic amount is typically set at 2 
grams/kg. The total dosage may be administered as a 
single dose by a 10 hour infusion period or alternatively 
may be divided intoilvedally dosage of-400 mg/kg which 
minimizes theTisk of advc side :ts. The rate o* 
diffusion in acc^rdance-with the method of th^tnvention 
usually exceeds 200 mg/hr. or 0.06 mg'/kg/rrilnutB. 
[0027] In long term therapy, the IVIG Infusion is rev . 
p gated every 4-B weeks according to the patient's re- 
sponse and objective kinds of disease reoccurrence . , - 
[0028]. As irdicatod above, iiv; a:r:r-i station may al- 
sd be by injection directly to the lesions, . ; /;. 

, BB]EFTDES.CRlPTION OF THE DRAWINGS ...... .... 

[0029] In order to undorstandthe Invention and to see 
how |t may becarnod dpt/in pmcttee, preferred embed- ■ : 
men ml n \yb cr rib a / d / *n r HnUriyO 
ample only ,Mth „3 . rc nt t heiaei un „ir y i y -ir iw- 
Irigs, la which; ' - • -" ■'" 

Figs. 1 A - 1 F are stained skin tissue sections show- 4 
ing the effect of IVIG treatment on collagen expres- 
sion InTsk+mice; and 

Fie). 2 is a graph illustrating TGFpl ,. lL-4 and IFNy 
■ secretion by splertocytes derived from Tsk+ mice ' ' 
treated wilh IVIG; . . : 

DETAILED DESCRIPTION OF THE INVENTION 

I. ANIMAL MODEL 

... : . £ 

A. MATERIALS AND M ETHODS - 



Sirius red staining: Skin samples were fixed 
with 4% paraformaldehyde, embeded in paraf- 
fin blocks and cut into 5u. tissue sections. The 
samples were deparafinized by xylene and dif- 
ferent dilutions of ethanol ( 100% up-to 60%),- 
Folowi.-.;-: inyub U o.i •: 0 03 : ; i~n«l groen In 
picric acid (3 min), the samples were exposed 
' ■ ■:■ ■ to Sirtqus red (0.1% In picric acid) for 20 mln. 

The slides were dehydrated in ethartpl 70% up 
to 10D% and xylene.- 

In-sltu hybridization: Deparaffihl^ed slides tin- ■ 
derwsiu , za , \ SSC solution, 

protein wtrc u s n sted \ \&\ proteinase K (10 
mg ml 10 mm at >?C ) DIG yielaKc^Mgen-l 
PNA proba was hyt.ndized wur M tissue sec 
tiers ovenlgnt^iSo'C in 5xSSC. 'A? shed slide 
were blO0keanffi*3%:gaat serum in TBS. The- 
collagen mRNA was tetected ay anti-DIG-arr- 
i tde, c~ Jucja ad t ajl line ph sp k;*$ 
i - s sutrst 

(d) Cytokine analysts: 

IRMyfJhl), IL«* (Th2) and TGrj31 fTh3) se- 
cretion by splenocyfes in-vltto Was studied; 

IFNy production by sptenocytes: 

[0031 ] Isolated splenocytes (2x1 0 e cells/m I) were cul- 
tured in vitro in the presence of Con-A 2p,g/ml in serurn- 
free media over a period of 4Shrs, The culture superna- 
tant was collected and tested for the presence of IFNy 
using commercial capture ELISA (DuoSet ELISA kit, 
R&D-systems, DY485); Briefly, ELISA plates were coat- 
ed with rat amhmouss IFNy^g/ml anglncubated.-over- 
!iigltafr^r>».m Pj ii ri rufe V'fdsre ^'J-s were blocks -f 
withVl {PS^titimUweoi^G nTSbforPhrsdtrocm 



wh'c mi dejVfc r expe'rii len al sc oro 
derrna-like"dis^-G TP^ee;;mice were sacnficcd_at 

f 4 veeks for histological dxytok±n 
i l si [ wr ig f3 e -~1S u ' ^ t 
The remaining m,ce were divided mid 3 groups; 4s 

A: Ten mice were treated with IVIG. 
'• B; Ten mico rocoivod 200ul of 1% rr-aiose/ 
mouse twice a wook. 

C: Ten mice remained untreated. so 

(b) LVIQ administration: 2.2mg in 200ul of 2% mal- 
tose was administered ivto each 4week old mouse, 
twice a week over a period of 8 weeks. A total of 
35mg IVIG /17gr mouse (equivalent to 2grfkg) was ss 
administered. The mice were opened one week af- 
ter treatment. 

(c) Collagen analysis of the affected Tsk/+ skin 



. : r \Ftp ,\ ( , applied ;c tne p a as vell.as sam 



Shr^jf iflcjjtiation, 



re;:the presence of 



Fri«\»cf p<- t d i v biailnyTafed q-vt * ti rou»a i c h* 

4G0ng/ml, for-Shrs at room temperature, S'.roptavidin 
HFIF-(.1/200) was added fpr20.min. : at ro.omtemperature, 
and the plates wer. :.■<: ^roj v fth aluminum foil-to avoid 
e^obiirc t - light Substrate solution was added fur aii 
additional 2dmlfr fJeti^sthylBenzldlne, H 2 0 2 ) and 
stopped with 50U.I 2N H 2 SO + . Between each step the 
plates were washed 3 times with PBS pH 7.4/0.05% 
Tween 20. The plates were read at an OD of 450 nra 

IL-4 production by Splenocytes: 

[0033] Isolatedsplenoeytes (2x1 0 6 cells/ml) were cul- 
tured in vitro fa the presence of Con-A 2n,g/ml in serum 
free media during 48hrs. The culture supernatant was 
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collected and tested forthe presence of IL-4 using com- 
mercial capture ELISA (DuoSet ELISA kit, R&D sys- 
tems, DY404). Briefly, ELISA plates were coated with 
rat anti-mouse IL-4 4ng/ml and incubated overnight at 
room temperature. Washed plates were blocked with s 
1%BSA in 0.05%Tween 20 in TBS for 2hrs at room tem- 
perature. 

[0034] Different dilutions of standard (recombinant 
mouse IL-4) were applied to the plate as welt as samples 
of 1 0Oul of culture fluids In duplicates. Following 2hrs of 10 
incubation at room temperature, the presence of IL-4 
was probed by blotlnylated goat anti-mouse 400ng/mi, 
2hrs at room temperature. Streptavldin-HRP (1/200) 
was added for20mln at room temperature, plates were 
covered with aluminum foil to avoid exposure to light, is 
Substrate solution was added for an additional 20m In 
(Tetramethylbenzldlne, H 2 0 £ ) and stopped with 50u.l 2N 
H a S0 4 . Between each step the plates were washed 3 
times with PBS pH7.2/0.05% Tween 20. The plates 
were read at OD of 450 nm. 20 

TGFfii production by splenocytes: 

[0035] isolated splenocytes (2x1 0 6 cells/ml) were cul- 
tured in vitro In the presence of Con-A 2u.g/ml In serum 2s 
free media during 72hrs, The culture supernatant was 
collected and tested for the presence of IL-4 using com- 
mercial capture ELISA (DuoSet ELISA kit, R&D sys- 
tems, DY404). Briefly, ELISA plates were coated with 
rat anti-mouse TGFJ11 2u.g/ml and incubated overnight so 
at room temperature. Washed plates were blocked with 
1 %BSA In 0.05%Tween 20 in TBS for2hrs at room tem- 
perature. 

[0036] Different dilutions of standard (recombinant 
human TGFpl In dilution buffer containing 1 .4% delipl- 35 
dated BSA) were applied to the plate as well as samples 
of 100U.I of culture fluids (after TGFJ31 activation), In du- 
plicates, 2hrs of Incubation at room temperature. The 
presence of TGFpi was probed by biotinyiatad chicken- 
anti-human TGFpl 300ng/ml in dilution buffer (1 .4% 40 
delipldatad BSA), 2hrs at room temperature. Streptavl- 
din-HRP (1/200) was added for 20min at room temper- 
ature, plates were covered with aluminum foil to avoid 
exposure to light. Substrate solution was added for an 
additional 20mln (Tetramethylbenzidine, H 2 0 2 ) and 4s 
stopped with 50jil 2N H £ S0 4 . Between each step the 
plates were washed 3 times with PBS pH7.£/0.05% 
Tween 20.The plates were read at OD of 450 nm. 

TGFfH activation in the tested samples: so 

[0037] Culture supernatants containing the tested 
TGFP1 0.5ml/sample were activated by adding 0.1ml IN 
HCL, mixing, and incubating 10min at room tempera- 
ture. The samples were neutralized In the presence of ss 
0.1ml 1.2N NaOH/0.5M HEPES. 



B. RESULTS 
Example I 

[003B] IVIG was administered to 4 month old Tsk+ 
mice to assess the consequence of IVIG administration 
on the development of skin fibrosis in an In-vivo model 
of scleroderma-like disease. Theresultof the IVIG effect 
was depicted by collagen deposition in the affected mice 
via collagen staining and collagen-l mRNA expression. 
As shown in Fig. 1, significant expression of collagen 
mRNA can be observed In IVIG treated mice (Fig. 1A) 
in comparison tomice treated with maltose(Fig. 1B) and 
non treated mice (Fig. 1C). Furthermore, digested col- 
lagen in the skin of the IVIG treated mice was document- 
ed (Fig. 1D), while significant strong collagen deposits 
can be observed In the skin of mice treated with maltose 
or non treated mice (Figs. 1 E and 1 F, respectively). 

Example II 

[0039] The results summarized in Fig. 2 show inhibi- 
tion of IL-4andTGFp1 secretion by splenocytes derived 
from the Tsk+ IVIG treated mice as compared to Tsk+ 
non treated mice (p<0.05). No effect of IVIG was docu- 
mented on IFNy secretion (p^O.05). 

II. CLINICAL EXAMPLES 

A. METHODS 

[0040] Eight patients with different m edical co ndltions 
in which fibrosis deposition played a significant role 
were chosen as follows; 

1 . A patient with systemic fupus erythematosus with 
myelofibrosis; 

2. A patient with Sjogren's syndrome with myelofi- 
brosis; 

3. A patient with idiopathic myelofibrosis; 

4. A patient with hepatitis-C cirrhosis; 

5-7. Three patients with scleroderma(systemlc 
sclerosis); and 

8. A patient with autoimmune thrombocytopenia 
with cutaneous fibrosis. 

[0041] All eight patients were treated with Intravenous 
gammaglobulin administration IVIG by Isiven (Italy) at a 
dosage of 2 gram/kg body for 5 consecutive days. The 
treatment was repeated 1 to 6 times with intervals be- 
tween the treatment being of about one month. 

B. RESULTS 

[0042] In ail eight patients, regression of the fibrotic 
process was noticed as determined by the method spec- 
ified in the publication of Levy et al„ Clin. Rhematoid. 
2000, 19:207, leading In several cases to complete re- 
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version of the disease. 

[0043] The reversion of the disease was determined 
in the myelofibrosis cases (systemic lupus erythemato- 
sus and Sjogren's syndrome, idiopathic myelofibrosis), • 
by bone marrow biopsy showing a decrease in fibrosis s 
and regeneration of blood proginator cells (corpuscles ); 
in systemiccirrhpsis.(scleroderfne) the reversion of the 
di «re« tkf rr insd ^ Imprc demerit ir P p ameters 
J d e 2< n th, knessand las.tl.dt li hepatitic S-clrrhc 
ss the Improvement was determined by biopsy and col- 10 
lageh staining and by liver Junction determination. ' 



1 . Use of IVIG forthe preparation of a medicarrantfor 
ti e treatment of f'brcus deposition csnaitjgfts, - 

2. Use according tp Claim 1 , wherein, said FDC Is se- 
lected from the-group- consisting of systemic lupus . 
erythrematosys wlh myelofibrosis, Sjogren's syn- 
drome idlopathip.-mylefibrpsis hep^trtis-e^irfli^ - 

cleroderma nd.uici i~> y p Irr n rv I" ro 



3. Use according to either of Claims 1 or 2, wherein 
said medicament Is administered by a method of 
administration selected from the; group, consisting 
of intravenous administration, Intraperitoneal ad- 
ministration, and Intraleslonal administration. 

4. A..eomposition of matter for use In surgery for the 
prevention, of. post surgery adhesion comprising 
IVIG and a medicinal glue. 

5. A medicinal implant comprising IVIG, the IVIG being 
in a form capable of diffusion for the JrrpUini to the 
surrounding tissue 

6. - < -r i I'-- iV" rnp'rising ffixfi e - 
■ .o:;iViS and p,medicinal"glM.e for-ihe prop>ratto"rtM " 

a;ned i it-fo + e. ^vVnli i c as surg r ad 



so 



ss 
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